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Good m o r n i n g l I t ' s a g r e a t p l e a s u r e t o be here. 
I t h i n k i n k e e p i n g w i t h t h e f a c t t h a t e d u c a t i o n i s a l i f e l o n g 
a c t i v i t y and t h a t v e r y few of you have a t t e n d e d c l a s s e s t h i s 
morning, I th o u g n t I'd s t a r t w i t h a math example. Peo p l e l a u g h 
when t h e y ' r e nervous and math makes many peopl e n e r v o u s , I'm 
ashamed t o say. Ashamed because my h a l f of t h e w o r l d , the t e c h y 
h a l f , has not r e a l l y g o t t e n our s t o r y out t o the r e s t of the 
f o l k s . And t h a t ' s what I want t o t a l k about t h i s morning. 
But you know, no m a t t e r how much you s t u d y we hear t h a t 
computers a r e g e t t i n g t w i c e as f a s t e v e r y y e a r . Or i f you r e a d 
something i n t h e paper, someone's got a computer t h a t ' s some 
enormous s i z e , a huge b r a i n and e v e r y t h i n g e l s e . I j u s t wonder, 
or somebody must, I j u s t wonder, why bother g e t t i n g educated a t 
a l l . Why b o t h e r g o i n g t o a l l t h i s t r o u b l e w r i t i n g a book, when 
a f t e r a l l , you j u s t get enough computers, get them t o type away 
a t random and p i c k t h e one you l i k e b e s t . 
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There was a w h i l e ago, some y e a r s ago i n f a c t , b e f o r e 
computers, t h i s p a r t i c u l a r s t o r y was t o l d i n s l i g h t l y d i f f e r e n t 
terms (They d i d n ' t have computers; they used monkeys.) They 
s a i d i f you had enough monkeys, put them on the moon and gave 
each one a t y p e w r i t e r , t hey c o u l d type the E n c y c l o p a e d i a 
B r i t a n n i c a . I don't t h i n k any of you want the E n c y c l o p a e d i a 
B r i t a n n i c a but i t would h e l p i f one of them would get y o u r term 
paper. So I thought I would address t h a t s u b j e c t w i t h you t h i s 
morning i n a math l e s s o n because I t h i n k i t 1 s a v e r y i m p o r t a n t 
math l e s s o n . 
The b i g g e s t computer I know a n y t h i n g about can h a n d l e s e v e r a l 
m i l l i o n i n s t r u c t i o n s i n a s i n g l e second. Now i n a second of 
s e v e r a l m i l l i o n i n s t r u c t i o n s i s f a r more than I can do w i t h 
p e n c i l and paper. Adding two numbers or m u l t i p l y i n g two 
numbers, t h a t ' s what i n s t r u c t i o n i s , an o p e r a t i o n . W e l l , p e o p l e 
get supercomputers of a few m i l l i o n , soon t h e y ' l l be t o a 
b i l l i o n , a b i l l i o n i n s t r u c t i o n s per second. I'm sur e some peopl e 
are a p p r o a c h i n g t h a t enormous number. A b i l l i o n computer 
i n s t r u c t i o n s , by the way, c o u l d do a l l t h e math homework a s s i g n e d 
i n h i g h s c h o o l s and p u b l i c s c h o o l s i n t h i s c o u n t r y i n any one 
n i g h t i n p r e - c a l c u l a t o r days. Nowadays, w i t h c a l c u l a t o r s k i d s 
get some h e l p . But a b i l l i o n i n s t r u c t i o n s c o u l d do a l l the math 
homework i n t h e c o u n t r y . That's a l o t of computing. 
So l e t ' s go a l i t t l e b i t f a s t e r . I t h i n k i n a few y e a r s , by 
the t i me you f o l k s a r e ready t o s t a n d up here and g i v e 
commencement a d d r e s s e s , i t might be c o n c e i v a b l e t h a t a computer 
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c o u l d be w o r k i n g at a 100 b i l l i o n i n s t r u c t i o n s per second. Now a 
l o o b i l l i o n i n s t r u c t i o n s per second i s e q u a l t o a l l the computing 
power t h a t a l l the c o r p o r a t i o n s i n t h e F o r t u n e 500 have on t h e i r 
d e s k s , have i n t h e i r l a b s and b e i n g o r d e r e d and d e s i g n e d t o d a y . 
C o u n t i n g p e r s o n n e l , data k e e p i n g , a l l the computers i n the 
c o u n t r y t oday e s s e n t i a l l y can do 100 b i l l i o n i n s t r u c t i o n s per 
second. 
So l e t ' s assume then t h a t e v e r y t h i n g i s s h r i n k i n g , e v e r y t h i n g 
i s g e t t i n g s m a l l e r . You get computers on a c h i p . They come i n 
g r e e t i n g c a r d s nowadays. You get computers so s m a l l on a p i e c e 
of s i l i c o n t h a t p e o p l e throw i t away i n a g r e e t i n g c a r d . A 
f r i e n d of mine had one such g r e e t i n g c a r d . I t came t o h i s 
house. I t d i d n ' t say a n y t h i n g when i t a r r i v e d . He put i t on h i s 
mantel w i t h h i s o t h e r c a r d s . Then, a c o u p l e of days a f t e r 
C h r i s t m a s he put i t i n h i s t r a s h . And s t i l l n o t h i n g happened. A 
. l i t t l e w h i l e l a t e r he put some g r a p e f r u i t r i n d s i n t h e r e and some 
o t h e r s t u f f , and a l l of a sudden h i s garbage s t a r t e d p l a y i n g 
" J i n g l e B e l l s . " 
Computers a r e everywhere and they a r e g e t t i n g b i g g e r and more 
p o w e r f u l . So. t h i n k of t h a t - - l 0 0 b i l l i o n i n s t r u c t i o n s . Now 
l e t ' s see, l e t ' s see how hard i t would be f o r a computer t o do 
something f o r u s , t o get a r e a l s e n t e n c e . And when yo u ' r e 
t y p i n g , what does everybody t y p e ? What does everybody t y p e ? I 
don't know what you f o l k s t y p e today but when I was a k i d and got 
my hands on my f i r s t t y p e w r i t e r , i t was "Now i s the t ime f o r a l l 
good men t o come t o t h e a i d of t h e i r p a r t y . " Now t h a t ' s 68 
c h a r a c t e r s , keep t h a t i n mind, 68 c h a r a c t e r s on a keyboard. 
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W e l l , 68 c h a r a c t e r s , l e t ' s see how hard i t i s f o r t h i s 100 
b i l l i o n i n s t r u c t i o n computer. Anybody want t o take a guess? For 
a 100 b i l l i o n i n s t r u c t i o n computer t o t y p e t h a t s i n g l e s e n t e n c e 
c o r r e c t l y l y a t random? Has anybody have the guts t o have a 
guess? Would anybody who t h i n k s i t ' s l e s s than a week r a i s e 
t h e i r hands? Less t h a n a week. Anybody i n t h e audi e n c e who 
t h i n k s i t would be more than a c e n t u r y ? F i v e p e o p l e , s i x , 
seven. seven p e o p l e t h i n k i t would be more than a c e n t u r y . 
W e l l , I got ray Nobel p r i z e ( I can now say t h a t w i t h o u t 
stammering. I t took a few y e a r s t o say t h o s e words t o g e t h e r but 
I'm g e t t i n g c o m f o r t a b l e w i t h i t ) R i g h t now, from what we can 
ga t h e r from t h e f l i g h t of the g a l a x i e s - - w e l o o k a t g a l a x i e s , we 
see them a l l moving away--and j u s t i n t h e same way t h a t i f you 
know a t r u c k i s 30 m i l e s away and i s t r a v e l i n g at 15 m i l e s an 
hour, by t a k i n g the speed and d i s t a n c e of the t r u c k you would 
know when the t r u c k was next t o you. The same way, we do e x a c t l y 
t h a t same c a l c u l a t i o n w i t h g a l a x i e s , and i n s t e a d of the 2 hours 
you would get w i t h the 30 m i l e s and 15 m i l e per hour, we happen 
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t o get 18 b i l l i o n y e a r s . W e l l , 18 b i l l i o n y e a r s i s a p r e t t y l o n g 
t i m e . And we can c o n v e r t t h a t i n t o seconds i f you want. I t 
t u r n s out t h a t s i n c e t h e b e g i n n i n g of the u n i v e r s e , j u s t t o get a 
s i n g l e number, we've had a 100 q u a d r i l l i o n seconds. That i s 
1 0 — t h e f i g u r e 1 w i t h 17 z e r o s a f t e r i t . Now our computer worked 
a t 100 b i l l i o n i n s t r u c t i o n s per second. That's 10--1 w i t h 11 
z e r o s . 
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Now l e t ' s get a l o t of t h e s e computers. How many computers 
c o u l d we get i n the e n t i r e w o r l d . W e l l , I don't t h i n k the number 
of computers i n the w o r l d , no matter what you do, i s ever g o i n g 
t o exceed t h e number of atoms. Think. W e l l , how many atoms a r e 
t h e r e i n the w o r l d . You can do t h a t c a l c u l a t i o n . A man named 
E d i n g t o n d i d t h a t c a l c u l a t i o n i n the 1920s f o r the f i r s t t i m e . 
And i t t u r n s o u t , I don't know, I c o u l d p r o b a b l y f i g u r e out f o r 
you i f I spent the time t o go f o r m i l l i o n s , b i l l i o n s , 
q u a d r i l l i o n s , q u i n t i l l i o n s , e t c . what i t i s . But I won't t r y . 
But the number happens t o be a 1 w i t h 88 z e r o seconds a f t e r i t , 
e i g h t z e r o , I'm s o r r y , a 1 w i t h 80 e i g h t z e r o z e r o e i g h t z e r o 
z e r o e s a f t e r i t . O.K.? I f we m u l t i p l y numbers we add z e r o s . 
Ten t o the l l t h , 100 b i l l i o n i n s t r u c t i o n s per second; t e n t o the 
17th, 100 q u a d r i l l i o n seconds s i n c e the u n i v e r s e s t a r t e d ; and t e n 
t o the 8 0 t h computers w o r k i n g a t the same t i m e . That's t e n t o 
the 106th. 
Ten t o t h e 106th. And a l l we have t o do i s type 68 
c h a r a c t e r s c o r r e c t l y . W e l l f o r each c h a r a c t e r you've got about 
100 c h o i c e s . You've got upper and lower k e y s , upper and lower 
case keys as w e l l as about, i n t o t a l about 50 keys. So t h a t ' s 
about 100. So e v e r y time you h i t t h a t keyboard or anytime the 
computer s e l e c t s a c h a r a c t e r g r a m i t ' s got a 100 c h o i c e s . W e l l , 
100 random c h o i c e t a k e n 68 t i m e s ( f o r those of you t h a t p l a y c r a p 
or bet on t h e d a i l y d o u b l e s , you know t h a t t h e s e t h i n g s 
m u l t i p l y . R i g h t ? I f you've got a chance of f l i p p i n g a c o i n , 
you've got an even chance, one chance i n two of g e t t i n g a head 
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when you f l i p a c o i n once. One chance i n f o u r of f l i p p i n g two 
heads i n a row; m u l t i p l y two times two.) W e l l , i f we m u l t i p l y 
those 68 c h a r a c t e r s by 100 we get a number 10 w i t h 136 z e r o s 
a f t e r i t . R i g h t ? That's 68 squared, 136. 136 z e r o s . So we 
f a i l e d . A l l t h e s e computers, 100 b i l l i o n i n s t r u c t i o n s per second 
computers w o r k i n g s i n c e the b e g i n n i n g of t i m e , one of them f o r 
e v e r y atom i n the u n i v e r s e . And we f a i l e d by a m i l l i o n , b i l l i o n , 
t r i l l i o n t i m e s t o do t h a t one s i n g l e s e n t e n c e . 
That t e l l s you something about b l i n d movement, b l i n d 
o p e r a t i o n , b r u t e f o r c e approach t o the w o r l d . I t t e l l s you where 
the machine i s compared t o where you mind i s . Sure machines a r e 
g e t t i n g more p o w e r f u l . But t h e r e ' s a tremendous d i f f e r e n c e 
between mind and machine. Computers can do some p r e t t y good 
t h i n g s , p r e t t y i m p r e s s i v e t h i n g s , when one narrows t h e f i e l d . 
When one narrows the f i e l d , say i n t h e case of p l a y i n g c h e s s . 
Chess i s a v e r y narrow game. You o n l y have 16 p i e c e s on each 
s i d e . You can o n l y move on a chess board. And c h e s s - p l a y i n g 
computers have been i n v e n t e d which, i n f a c t , go th r o u g h some of 
t h e s e what I c a l l , t h e example I gave you p r e v i o u s l y i s what I 
would c a l l an e x a u s t i v e s e a r c h , f o r t h e r i g h t answer. Computers 
do e x a u s t i v e s e a r c h e s and t h e y have some c l e v e r smarts so t h e y 
don't b l u n d e r b a d l y . 
In f a c t , a t B e l l Labs we b u i l t such a machine. The p e o p l e who 
d i d i t named t h e machine B e l l e . B-E-L-L-E. And B e l l e was t h e 
gueen of t h e chess board f o r many y e a r s . B e l l e was t h e f i r s t 
computer ever t o be g r a n t e d masters r a t i n g by the I n t e r n a t i o n a l 
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Chess F e d e r a t i o n . B e l l e c o u l d beat 99% of a l l t h e s e r i o u s chess 
p l a y e r s i n t h e w o r l d . But i t d i d n ' t beat one h i g h s c h o o l s t u d e n t 
i n the s t a t e of P e n n s y l v a n i a , one of the t h i n g s B e l l e c o u l d do 
i s i t would p l a y a l o t of p e o p l e . And so t h i s chess c l u b from 
P e n n s y l v a n i a p l a y e d B e l l e s i m u l t a n e o u s l y . They c o u l d t h i n k w h i l e 
she r a n t h e program. I don't l i k e t o a n t h r o p o m o r s i z e the machine 
but I make t h a t e x c e p t i o n i n her cas e . B e l l e was p l a y i n g a l l 
these p e o p l e i n c l u d i n g the h i g h s c h o o l k i d who was one of t h e 
wor s t p l a y e r s i n the group, o n l y one pe r s o n t h a t day beat t h e 
machine. And t h a t was t h e k i d . He r e a l i z e d t h a t i n f a c e - t o - f a c e 
o r t h o d o x chess he had no chance. So what he d i d was, he made a 
bunch of p e r f e c t l y l e g a l but b i z a r r e moves ho p i n g t h a t t h o s e 
moves were not p r e o r d a i n e d or c o n s i d e r e d by t h e d e s i g n e r s . And 
sure enough he h i t i t and B e l l e l o s t t h a t one game. Everyone 
e l s e i n the c l u b who were beaten by the computer c o u l d have 
beaten t h a t young man. But what he d i d was, he used the human 
a b i l i t y t o change the r u l e s of the game. The human a b i l i t y t o 
l o o k f o r some t h i n g e l s e . Not the k i n d of b r u t a l , b r u t e f o r c e 
d r i v e t h r o u g h approach t h a t machines a r e f o r c e d t o use. But some 
of the e x t r a s m a r t s t h a t we as human be i n g s a r e g i v e n by n a t u r e . 
So t e c h n o l o g y , w h i l e i t ' s v e r y , v e r y p o w e r f u l , i s a 
complement r a t h e r than a replacement t o human b e i n g s . And as a 
complement f o r human b e i n g s , i t has t o become a complement f o r 
a l l human b e i n g s . Not j u s t f o r the t e c h y p a r t of t h e w o r l d . I 
t h i n k p e o p l e have t o be a b l e and w i l l i n g t o e x e r c i s e t h e i r minds 
by a s k i n g q u e s t i o n s of t e c h n o l o g y , a l l k i n d s of t e c h n o l o g y , w i t h 
the e x p e c t a t i o n t h a t t h e y can un d e r s t a n d i t . 
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A f r i e n d of mine, one of the s m a r t e s t p e o p l e I ever knew, and 
a g r a d u a t e of osu some y e a r s ago, 1927 I b e l i e v e , and a b r i l l i a n t 
e n g i n e e r i n h i s own r i g h t , had a t e r r i b l e t i m e , had t o f o r c e 
h i m s e l f t o overcome a s k i n g q u e s t i o n s . He was sure t h a t e v e r y 
time he asked a q u e s t i o n everybody would r e a l i z e how f o o l i s h and 
n a i v e he was because a l l the o t h e r p e o p l e around him were so much 
s m a r t e r . Because they d i d n ' t ask any q u e s t i o n s , they must have 
known i t a l r e a d y . And he went t h r o u g h l i f e f e e l i n g v e r y f o o l i s h 
even though he was t h e o n l y one who e v e r y c l a r i f i e d t h i n g s i n a 
group. He was the one o t h e r people came t o as a r e s o u r c e f o r 
i n f o r m a t i o n because he knew the s t u f f . The r e s t of them were t o o 
i n t i m i d a t e d , t o o a f r a i d . 
And I hope you wont ta k e t h a t a t t i t u d e . I t r i e d t o t h a t w i t h 
my c h i l d r e n . I d i d n ' t t o t a l l y succeed. I t took my daughter 10 
y e a r s t o work up the courage t o ask me how t h e r e a r v i e w m i r r o r 
i n an a u t o m o b i l e works. How many of you know how t h e r e a r v i e w 
m i r r o r works? Want t o r a i s e you hands? How many know what the 
s c i e n t i f i c p r i n c i p a l i s ? One. two, t h r e e , f i v e , s i x — o . k . The 
r e s t of you have never been i n a c a r , I guess. W e l l , she asked 
me one day. She s a i d , "Dad, I can't s t a n d i t any more. I know 
I'm t h e o n l y p e r s o n i n t h e w o r l d t h a t doesn't know. But you 
g o t t a t e l l me. why i s i t , when you f l i p i t . you get a d a r k e r 
image? And even i f you f l i p i t up or f l i p i t down, t h e r e a r e 
t h e s e dark images on b o t h s i d e s ? And i t ' s j u s t a p i e c e of g l a s s 
w i t h some s i l v e r on the o t h e r s i d e . How can t h i s m i r r o r have more 
t h a n one image? I t doesn't have i t on the m i r r o r s I know 
P e n z i a s commencement speech - 9 
about." And so I e x p l a i n e d t o her about d e f r a c t i o n g r a t i n g s 
f o r m i n g m i c r o s c o p i c l i n e s on the back of the m i r r o r . And t h e i r 
o r d e r of d i f r a c t i o n . You may see t h a t e f f e c t i f you go t o the 
southwest and you see rai n b o w s . Sometimes you see a second 
rainbow i n s i d e t h e f i r s t . And t h a t ' s another d i f r a c t i o n o r d e r . 
And I gave a t a l k e a r l i e r t h i s y e a r a t S o u t h e r n Utah S t a t e 
C o l l e g e where I mentioned t h a t example. And t h a t d i d me a b i g 
f a v o r , gave me a g r e a t i n s i g h t , w h i c h I want t o share w i t h you. 
I t t u r n s out t h a t , a t t h i s p l a c e , they t a k e t h e s e l e c t u r e s and 
they p u b l i s h them. So I got a t r a n s c r i p t back. F i r s t t h i n g you 
t r y t o do w i t h such a t h i n g i s get r i d of the spoken E n g l i s h and 
t u r n i t i n t o w r i t t e n E n g l i s h , f o r a f t e r a l l i t ' v e r y hard t o wave 
your hand on a p i e c e of paper. And a f t e r I d i d i t I s e n t i t t o a 
f r i e n d of mine. And he came back w i t h a few words on i t s a y i n g , 
" I don't t h i n k your e x p l a n a t i o n of the r e a r v i e w m i r r o r i s r i g h t , 
Arno." so I got on the phone i n the p h y s i c s d i v i s i o n of my 
o r g a n i z a t i o n , I s t a r t e d c a l l i n g department heads t i l l I f i n d one 
i n i n t h e p h y s i c s d i v i s i o n . They're o u t — t h e y ' r e d o i n g o t h e r 
t'hings. They don't spend t h e i r times s i t t i n g i n t h e i r o f f i c e s 
w a i t i n g f o r a v i c e p r e s i d e n t t o ask them a q u e s t i o n . W e l l , 
anyway, I s a i d , I asked h e r , " J e r r y , do you know how a m i r r o r 
works? I'm not s u r e . " And she d i d . I t t u r n e d out t h a t what 
t h e y do i s , t h e company, r e a l companies, have here a m i r r o r e d 
s e c t i o n , a m i r r o r e d m e t a l s u r f a c e and i n f r o n t of i t t h e y put a 
wedge-shaped p i e c e of g l a s s . Now i f I had f o u r hands, I c o u l d 
t a k e some l i g h t , most of the l i g h t goes t h r o u g h the g l a s s , goes 
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out t o the m i r r o r and come back. But a l i t t l e b i t of t h i s l i g h t 
bounces o f f t h a t wedge and goes the o t h e r d i r e c t i o n . So when you 
t u r n i t , when you t u r n t h a t wedge, you get the second image. So 
I d i d n ' t know any b e t t e r t h a n she d i d . 
But t h e o n l y way I found out was f i n a l l y , a f t e r decades of 
m i s u n d e r s t a n d i n g on my p a r t , some n o n - s c i e n t i s t asked me. 
i n t e r l l e c t and t e c h n o l o g y c a n ' t s e p a r a t e from each o t h e r . 
Technology i s t h e a p p l i c a t i o n of o r g a n i z e d knowledge, a l l k i n d s 
s 
of o r g a n i z e d knowledge. Now we can walk around t h i s campus and 
t h e r e a r e t h e newer b u i l d i n g s but the t r a d i t i o n a l , t h e o l d e r 
ones, borrow t h e i r a r c h i t e c t u r e from a group of peopl e ( i f you 
t h i n k Columbus i s a s m a l l p l a c e ) from a group of peopl e who were 
so few i n number t h a t t h e p o s t a l s e r v i c e would never have g i v e n 
them a z i p code. A n c i e n t Athens. A t h e n i a n a r c h i t e c t u r e i s so 
f a n t a s t i c t h a t 2000 y e a r s l a t e r people s t i l l copy i t . Some Greek 
p l a y s w r i t t e n a t t h a t time a r e s t i l l produced today. P e o p l e 
s t u d y t h e p h i l o s o p h y of the t i m e . I'm w r i t i n g a book on 
i n f o r m a t i o n and I s t a r t e d r e a d i n g what P l a t o had t o say about 
i d e a s . B r i l l i a n t p e o p l e who brought t h e h e i g h t s of i n t e l l e c t t o 
l e v e l s w h i c h were unheard of i n the r e s t of the w o r l d . And 
unheard of f o r c e n t u r i e s t h e r e a f t e r . And t h e y managed t o do i t 
w i t h o u t computers, t h e y managed t o do i t w i t h o u t c a r s , w i t h o u t 
communications s a t e l l i t e s . They managed t o do i t w i t h o u t a l l 
t h a t t e c h n o l o g y . 
But t h e y d i d have something t h a t we don't have--a p l e n t i f u l 
s u p p l y of human s l a v e s . For every c i t i z e n i n Athens, e v e r y 
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c i t i z e n i n most of the s t a t e s , i n I o n i a , there were more s l a v e s 
than c i t i z e n s . And i t was the f o r c e d labor of these l a t t e r 
people that allowed the s e n i o r group to enjoy themselves. I t was 
not that the s e n i o r group was in c a p a b l e of c r e a t i n g machines. 
Some G r e e k s , a Greek astronomer was able to f i n d the r a d i u s , to 
f i n d the diameter, I'm s o r r y , to f i n d the circumference of the 
ea r t h . He got i t r i g h t w i t h i n about 100 miles about 2200 years 
ago. so they c o u l d have b u i l t technology i f they had put t h e i r 
minds to i t . But technology was o f f there somewhere. I t was 
yucky. I don't know what the Greek t r a n s l a t i o n of "yucky" i s but 
i t was something somebody e l s e d i d . And s i n c e these other human 
beings were down there i n s l a v e r y , they were doing the work 
anyway so why bother. 
W e l l , one of the reasons you might bother i s you might in v e n t 
something u s e f u l l i k e the harness. A harness f o r an animal, f o r 
a horse, i s a v e r y s u b t l e p i e c e of technology. U n t i l the harness 
was brought, the modern harness was brought from A s i a i n the 8 t h 
century, i t was cheaper to feed a human being and have that human 
Being c a r r y a l o a d than i t was to have a horse, or a donkey, or 
an ox, p u l l t h a t l o a d . And supported by human s l a v e r y as i t was, 
and because these people i n Greece had to support themselves to 
keep themselve on top of whoever they were op p r e s s i n g , the system 
f i n a l l y d i s a p p e a r e d . Then we had 1000 years of what we c a l l t h e 
"Dark Ages." 
W e l l , some here i n t h i s room today are supported by s l a v e s as 
w e l l . There are homeless out there. There are unemployed. 
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There a r e p e o p l e who a r e s i c k , who a r e m e n t a l l y i l l . There a r e 
bab i e s born t o teenage mothers who have no p r o s p e c t , or almost no 
p r o s p e c t of a l i f e . And t o h e l p them we have t o r a i s e t h e p i e , 
we have t o make t h i n g s b i g g e r , we have t o make t h i n g s b e t t e r i n 
t h i s w o r l d . And t h a t i s n ' t something the t e c h y p e o p l e can do f o r 
the r e s t of you. I t ' s something we a l l have t o do t o g e t h e r . 
Mind and machine means everybody's mind. The minds t h a t you have 
brought t o Ohio S t a t e over t h e l a s t few y e a r s , minds w h i c h have 
been e n r i c h e d w i t h knowledge. And minds w h i c h a r e now p a r t of 
the r e s o u r c e t h a t the r e s t of us i n t h i s s o c i e t y a r e c o u n t i n g on 
to make t h i s w o r l d b e t t e r . To i n t e g r a t e what you know w i t h what 
needs t o be done. And you can ' t w a i t f o r the machine t o do i t 
anymore t h a n you can w a i t f o r i t t o type t h a t s i n g l e dumb 
senten c e I s t a r t e d w i t h . I t t a k e s c r e a t i v i t y . I t t a k e s 
u n d e r s t a n d i n g . I t t a k e s knowledge. I t t a k e s something a machine 
ban never h a v e - - s e n s i t i v i t y . 
Those a r e a l l t h i n g s w h i c h are p a r t of e d u c a t i o n and the uses 
of e d u c a t i o n . And so I wanted t o share t h a t thought w i t h you 
t h i s morning and I want t o w i s h you v e r y w e l l i n t h e coming y e a r s 
ahead. Thank you v e r y much f o r l i s t e n i n g . 
